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(57) ABSTRACT 

According to one embodiment, generating virtual data by 
mirroring databased on a dimension measurement result in a 
measurement region on an inner side of a shot region to a 
non-shot region on an outer side of a shot edge, and calculat 
ing dose data of the measurement region and a non-measure 
ment region based on data in the measurement region and the 
virtual data are included. 
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US 8,504,951 B2 
1. 

DOSE-DATA GENERATINGAPPARATUS, 
DOSE-DATA GENERATING METHOD, AND 

MANUFACTURING METHOD OF 
SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is based upon and claims the benefit of 
priority from the prior Japanese Patent Application No. 2010 
204437, filed on Sep. 13, 2010; the entire contents of which 
are incorporated herein by reference. 

FIELD 

Embodiments described herein relate generally to a dose 
data generating apparatus, a dose-data generating method, 
and a manufacturing method of a semiconductor device. 

BACKGROUND 

In a photolithography process in a semiconductor manu 
facturing process, an exposure distribution (hereinafter, dose 
data) in a shot is changed in some cases for uniforming a 
pattern dimension in a shot on a wafer. 

Specifically, in order to obtain the dose data, an amount of 
change of the pattern dimension when a dose amount is 
changed is measured in advance. Then, a dimension of a 
pattern is measured at a plurality of positions in a shot after 
wafer exposure, and the dose amount that uniforms the 
dimension at each point is calculated. Thereafter, typically, 
the dose data for uniforming the pattern dimension over the 
whole Surface in the shot is expressed by an approximate 
function based on the dose amount. However, the function 
diverges at a shot edge Such as a Kerf region and therefore 
indicates abnormal dose amount in some cases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A to FIG. 1C are diagrams illustrating a flow of a 
dose-data generating method according to a first embodi 
ment, 

FIG. 2A is a diagram illustrating an approximate curve U1 
obtained without mirroring data in a measurement region to a 
non-shot region, and FIG. 2B is a diagram illustrating an 
approximate curve U2 obtained by mirroring the data in the 
measurement region to the non-shot region; 

FIG. 3A to FIG. 3D are diagrams illustrating a flow of a 
dose-data generating method according to a second embodi 
ment, 

FIG. 4A is a diagram illustrating an in-plane distribution of 
dimension measurement data, FIG. 4B is a diagram illustrat 
ing an in-plane distribution of a dose amount obtained with 
out mirroring the dimension measurement data in FIG. 4A to 
the non-shot region, and FIG. 4C is a diagram illustrating an 
in-plane distribution of a dose amount obtained by mirroring 
the dimension measurement data in FIG. 4A to the non-shot 
region; 

FIG. 5A is a block diagram illustrating a schematic con 
figuration of a dose-data generating apparatus according to a 
third embodiment, FIG. 5B is a cross-sectional view illustrat 
ing a schematic configuration of an exposure method accord 
ing to a fourth embodiment, and FIG. 5C and FIG. 5D are 
cross-sectional views illustrating a manufacturing method of 
a semiconductor device according to a fifth embodiment; 
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2 
FIG. 6 is a block diagram illustrating a schematic configu 

ration of a dose-data generatingapparatus according to a sixth 
embodiment; 

FIG. 7 is a plan view illustrating an in-plane distribution of 
dimension measurement points according to a seventh 
embodiment; 

FIG. 8A is a plan view illustrating an in-plane distribution 
of dimension extrapolation points according to the seventh 
embodiment, and FIG. 8B is a plan view illustrating a part in 
FIG. 8A in an enlarged scale; 
FIG.9 is a diagram illustrating an in-plane distribution of a 

dose amount according to the seventh embodiment; and 
FIG. 10 is a diagram illustrating a relationship between a 

dose amount and a dimension. 

DETAILED DESCRIPTION 

In general, according to one embodiment, a dose-data gen 
erating apparatus includes a virtual-data generating unit, a 
dose-data calculating unit and a shot-region cutout unit. The 
virtual-data generating unit generates virtual data by mirror 
ing databased on a dimension measurement result in a mea 
Surement region on an inner side of a shot region to a non-shot 
region on an outer side of a shot edge. The dose-data calcu 
lating unit calculates dose data of the measurement region and 
a virtual measurement region for which the virtual data is 
generated based on data in the measurement region and the 
virtual data. The shot-region cutout unit cuts a shot region out 
of the measurement region and the virtual measurement 
region for which the dose data is calculated. 

Exemplary embodiments of a dose-data generating appa 
ratus and a dose-data generating method will be explained 
below in detail with reference to the accompanying drawings. 
The present invention is not limited to the following embodi 
mentS. 

First Embodiment 

FIG. 1A to FIG. 1C are diagrams illustrating a flow of a 
dose-data generating method according to the first embodi 
ment. 

In FIG. 1A, in a shot region at the time of exposure, there is 
a measurement region R1 in which dimension measurement 
data CD can be obtained and a non-measurement region R2 in 
which the dimension measurement data cannot be obtained. 
The non-measurement region R2 is present around the mea 
Surement region R1. Examples of the non-measurement 
region R2 include a Kerf region in which a scribe line, an 
alignment mark, or the like is arranged. In the non-measure 
ment region R2, a line & Space for obtaining the dimension 
measurement data is not arranged. 
The dimension measurement data CD of the measurement 

region R1 is mirrored to a non-shot region outside a shot edge 
ST to generate virtual data. For example, as shown in FIG.1B, 
virtual measurement regions V1 to V8 can be generated in the 
non-shot region by mirroring the dimension measurement 
data CD of the measurement region R1 in eight directions. 

Then, a desired dose amount, which is corrected so that the 
dimension at each point in the measurement region R1 and the 
virtual measurement regions V1 to V8 becomes uniform, is 
calculated based on the dimension measurement data CD of 
the measurement region R1 and the virtual data of the virtual 
measurement regions V1 to V8. Moreover, function approxi 
mation is performed on the dose amount calculated for each 
point, thereby enabling to calculate the dose amount (dose 
data) over the whole Surface including the measurement 
region R1 and the virtual measurement regions V1 to V8. 
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Then, as shown in FIG.1C, a shot region K1 is cut out of the 
measurement region R1 and the virtual measurement regions 
V1 to V8 for which the dose data is calculated, thereby 
enabling to obtain the dose data of the measurement region 
R1 and the non-measurement region R2. 

After generating the virtual data by mirroring the dimen 
sion measurement data CD of the measurement region R1 to 
the non-shot region and obtaining data in the virtual measure 
ment regions V1 to V8 in addition to the measurement region 
R1, an approximate function over the whole Surface including 
the measurement region R1 and the virtual measurement 
regions V1 to V8 is obtained, so that the approximate function 
can be prevented from diverging at the shot edge and therefore 
jump value can be prevented from occurring in the dose 
amount at the shot edge. 

Explanation is given for the case of mirroring the dimen 
sion measurement data CD itself as the data of the measure 
ment region R1 when generating the virtual data, however, as 
described below, the virtual data can be generated by correct 
ing and calculating a desired dose amount at each point in the 
measurement region R1 based on the dimension measure 
ment data CD and then mirroring the calculated dose amounts 
to the non-shot region as databased on the dimension mea 
Surement result in the measurement region R1. 

FIG. 2A is a diagram illustrating an approximate curve U1 
obtained without mirroring the data in the measurement 
region to the non-shot region, and FIG. 2B is a diagram 
illustrating an approximate curve U2 obtained by mirroring 
the data in the measurement region to the non-shot region. 

In FIG. 2A, desired dose amounts X1 to X6 corrected as 
databased on the dimension measurement result in the mea 
Surement region are obtained based on the dimension mea 
Surement data. At this time, the non-measurement region is 
present near the shot edge, so that a desired dose amount 
cannot be obtained. 

If the approximate curve U1 is obtained from these desired 
dose amounts X1 to X6, the approximate curve U1 monotoni 
cally decreases or monotonically increases near the shot 
edges, so that the approximate curve U1 diverges and jump 
value occurs in the dose amount at the shot edges. 
On the other hand, in FIG. 2B, desired dose amounts Y1 

and Y2 as the virtual data are generated by mirroring the 
desired dose amounts X1 and X2 to the non-shot region 
outside the shot edge. Moreover, desired dose amounts Y5 
and Y6 as the virtual data are generated by mirroring the 
desired dose amounts X5 and X6 to the non-shot region 
outside the shot edge. 
When the approximate curve U2 is obtained from the 

desired dose amounts X1 to X6 and the virtual data Y1, Y2, 
Y5, andY6, the approximate curve U2 can be prevented from 
diverging near the shot edge and jump value can be prevented 
from occurring in the dose amount at the shot edge. 

Second Embodiment 

FIG. 3A to FIG. 3D are diagrams illustrating a flow of a 
dose-data generating method according to the second 
embodiment. 

In FIG. 3A, in the measurement region R1, an in-plane 
distribution (dimension map) of the dimension measurement 
data is obtained. This dimension map can be obtained by 
actually measuring the dimension of a pattern actually 
formed on a wafer or can be obtained by simulating the 
dimension of a pattern formed on a wafer. 
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Next, as shown in FIG. 3B, the virtual data is generated in 

the virtual measurement regions V1 to V8 outside the shot by 
mirroring the dimension measurement data to the outside of 
the shot. 

Next, as shown in FIG. 3C, a calculation region, in which 
function approximation is performed from the measurement 
region R1 and the virtual measurement regions V1 to V8, is 
Set. 

Next, as shown in FIG. 3D, after calculating a desired dose 
amount at each point of the measurement region R1 and the 
virtual measurement regions V1 to V8, function approxima 
tion calculation is performed in the calculation region set in 
FIG. 3C to calculate the dose data. The dose data of the 
measurement region R1 and the non-measurement region R2 
can be obtained by cutting a shot region K1 out of the calcu 
lation region for which the dose data is calculated. 

FIG. 4A is a diagram illustrating the in-plane distribution 
of the dimension measurement data, FIG. 4B is a diagram 
illustrating the in-plane distribution of the dose amount 
obtained without mirroring the dimension measurement data 
in FIG. 4A to the non-shot region, and FIG. 4C is a diagram 
illustrating the in-plane distribution of the dose amount 
obtained by mirroring the dimension measurement data in 
FIG. 4A to the non-shot region. 

In FIG. 4B, if the dose amount is calculated only from the 
dimension measurement data of the measurement region R1, 
jump value occurs in the dose amount in a portion A1 at the 
shot edge. 
On the other hand, in FIG. 4C, if the dose amount is 

calculated from the dimension measurement data of the mea 
surement region R1 and the virtual data of the virtual mea 
surement regions V1 to V8, jump value is prevented from 
occurring in the dose amount in the portion A1 at the shot 
edge. 

Third to Fifth Embodiments 

FIG. 5A is a block diagram illustrating a schematic con 
figuration of a dose-data generating apparatus according to 
the third embodiment, FIG. 5B is a cross-sectional view illus 
trating a schematic configuration of an exposure method 
according to the fourth embodiment, and FIG. 5C and FIG. 
5D are cross-sectional views illustrating a manufacturing 
method of a semiconductor device according to the fifth 
embodiment. 

In FIG.5A, a dose-data generating apparatus 12 includes a 
virtual-data generating unit 12a, a dose-data calculating unit 
12b, and a shot-region cutout unit 12c. The virtual-data gen 
erating unit 12a can generate the virtual data by mirroring the 
dimension measurement data or a desired dose amount to the 
non-shot region outside the shot edge. The dose-data calcu 
lating unit 12b can calculate the dose data of the measurement 
region of the dimension measurement data and the virtual 
measurement region connectedly based on the dimension 
measurement data and the virtual data. The shot-region cutout 
unit 12c can cut the shot region out of the measurement region 
and the virtual measurement region for which the dose data is 
calculated. 
The dimension measurement data is obtained by measur 

ing the dimension of a test pattern TP formed on a test wafer 
TW by a dimension measuring apparatus 11, and the obtained 
dimension measurement data is input to the virtual-data gen 
erating unit 12a. 

In the virtual-data generating unit 12a, the virtual data is 
generated by mirroring the dimension measurement data or a 
desired dose amount to the non-shot region and is sent to the 
dose-data calculating unit 12b. 
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In the dose-data calculating unit 12b, the dose data of the 
measurement region of the dimension measurement data and 
the virtual measurement region is calculated connectedly 
based on the dimension measurement data and the virtual data 
and is sent to the shot-region cutout unit 12c. 

In the shot-region cutout unit 12c, the shot region is cut out 
of the measurement region and the virtual measurement 
region for which the dose data is calculated and is sent to an 
exposure apparatus 13. 

In FIG. 5B, in the exposure apparatus 13, a light shielding 
plate Band a photomask Mare provided. In the light shielding 
plate B, a slit S is provided. The slit S is horizontally slidable 
over the wafer W. The width of the slit S can be adjusted to a 
predetermined interval and the speed of sliding the slit S 
during exposure can be changed, so that the light intensity to 
be transmitted through the slit S can be changed. On the other 
hand, a light shielding film His formed on the photomask M. 

Moreover, on the wafer W, a resist film R is formed via a 
process layer T. The process layer T can be a conductive layer, 
a semiconductor layer, or a dielectric layer, and can be appro 
priately selected according to a process performed on the 
process layer T. The process performed on the process layer T 
can be, for example, an etching process oranion implantation 
process. 
When the wafer W on which the resist film R is formed via 

the process layer T is arranged in the exposure apparatus 13 in 
a state where the photomask M on which the light shielding 
film H is formed is arranged in the exposure apparatus 13, 
exposure of the resist film R is performed via the photomask 
M while the exposure distribution is controlled by the light 
shielding plate B. 

Then, as shown in FIG. 5C, the resist film Ron which the 
exposure is performed in the exposure apparatus 13 is devel 
oped, whereby the resist film R is patterned. 

Next, as shown in FIG. 5D, the process layer T is etched 
with the patterned resist film Ras a mask, whereby the pro 
cess layer T is patterned and thus, for example, a wiring 
pattern, a trench pattern, or a contact pattern is formed on the 
wafer W. 

The exposure method of the present embodiments can be 
applied to an exposure system in which the dose-data gener 
ating apparatus 12 is incorporated together with the exposure 
apparatus 13. 

Sixth Embodiment 

FIG. 6 is a block diagram illustrating a schematic configu 
ration of a dose-data generating apparatus according to the 
sixth embodiment. 

In FIG. 6, in the dose-data generating apparatus, it is pos 
sible to provide a processor 1 including a CPU and the like, a 
ROM 2 that stores therein fixed data, a RAM 3 that provides 
a work area and the like to the processor 1, a human interface 
4 that interfaces between a human and a computer, a commu 
nication interface 5 that provides communication means to 
the outside, and an external storage device 6 that stores 
therein programs for operating the processor 1 and various 
data, and the processor 1, the ROM 2, the RAM3, the human 
interface 4, the communication interface 5, and the external 
storage device 6 are connected via a bus 7. 
As the external storing device 6, for example, a magnetic 

disk Such as a hard disk, an optical disc Such as a DVD, a 
portable semiconductor storage device such as a USB 
memory and a memory card can be used. Moreover, as the 
human interface 4, for example, a keyboard, a mouse, or a 
touch panel as an input interface, a display or a printer as an 
output interface, or the like can be used. Furthermore, as the 
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6 
communication interface 5, for example, a LAN card, a 
modem, or a router for connecting to the Internet, LAN, or the 
like can be used. 

In the external storage device 6, a dose-data calculation 
program 6a is installed. Moreover, in the external storage 
device 6, dimension measurement data 6b can be stored. 
When the dose-data calculation program 6a is started, the 

dimension measurement data 6b is mirrored to the non-shot 
region by the processor 1, whereby the virtual data is gener 
ated. Then, the dose data of the measurement region of the 
dimension measurement data 6b and the non-measurement 
region is calculated connectedly based on the dimension mea 
surement data 6b and the virtual data. 

Seventh Embodiment 

FIG. 7 is a plan view illustrating an in-plane distribution of 
dimension measurement points according to the seventh 
embodiment, FIG. 8A is a plan view illustrating an in-plane 
distribution of dimension extrapolation points according to 
the seventh embodiment, FIG. 8B is a plan view illustrating a 
part in FIG. 8A in an enlarged scale, FIG. 9 is a diagram 
illustrating the in-plane distribution of the dose amount 
according to the seventh embodiment, and FIG. 10 is a dia 
gram illustrating a relationship between the dose amount and 
the dimension. 

In FIG. 7, in the measurement region R1, the in-plane 
distribution (dimension map) of dimension measurement 
data P at MxN (M and N are positive integers) points is 
obtained. In the example in FIG. 7, the case is illustrated in 
which the dimension measurement data P at 5x8 points is 
obtained. This dimension map can be obtained by actually 
measuring a dimension of a pattern actually formed on a 
wafer or can be obtained by simulating a dimension of a 
pattern formed on a wafer. 

Next, as shown in FIGS. 8A and 8B, the dimension mea 
surement data P for “a” points (“a” is an integer equal to or 
less than Mor N for each broken line in FIGS. 8A and 8B) of 
the measurement region R1 is mirrored to a non-shot region V 
to generate virtual data Q in the non-shot region V. At this 
time, the position of the dimension measurement data P as a 
mirroring source and the position of the virtual data Q as a 
mirroring destination can be set equal in distance from the 
shot edge. 

Moreover, as shown in FIG. 10, the relationship between 
the dose amount and the dimension is examined in advance 
for each exposure apparatus. Then, the dose amount at each 
point is corrected and calculated so that the dimension 
matches a target value from the dimension map in which the 
virtual data Q is added to the non-shot region V by referring 
to the relationship between the dose amount and the dimen 
Sion in FIG. 10. 

Then, as shown in FIG. 9, the function approximation is 
performed over the whole surface in the shot and out of the 
shot based on the dose amount at each point to calculate the 
dose data, and thereafter the shot region K1 is cut out. 

While certain embodiments have been described, these 
embodiments have been presented by way of example only, 
and are not intended to limit the scope of the inventions. 
Indeed, the novel embodiments described herein may be 
embodied in a variety of other forms; furthermore, various 
omissions, Substitutions and changes in the form of the 
embodiments described herein may be made without depart 
ing from the spirit of the inventions. The accompanying 
claims and their equivalents are intended to cover Such forms 
or modifications as would fall within the scope and spirit of 
the inventions. 
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What is claimed is: 
1. A method of generating dose data comprising: 
generating, by a computer, virtual measurement data by 

mirroring, to a non-shot region outside a shot region 
with respect to an edge of the shot region, dimension 5 
measurement data in a measurement region inside the 
shot region, 
the shot region: 

being a region to be exposed at a time of exposure 
during a photolithography process, and 

including: 
the measurement region, and 
a non-measurement region other than the measure 
ment region; and 

calculating, by a computer, the dose data of the measure 
ment region and the non-measurement region, based on 
the dimension measurement data and the virtual mea 
Surement data. 

2. The method according to claim 1, wherein the calculat 

10 

15 

3. A method of generating dose data comprising: 
calculating, by a computer, initial dose data of a measure 
ment region inside a shot region based on dimension 
measurement data in the measurement region, 
the shot region: 

being a region to be exposed at a time of exposure 
during a photolithography process, and 

including: 
the measurement region, and 
a non-measurement region other than the measure 
ment region; 

generating, by a computer, virtual dose data by mirroring, 
to a non-shot region outside the shot region with respect 
to an edge of the shot region, the initial dose data; and 

calculating, by a computer, the dose data of the measure 
ment region and the non-measurement region, based on 
the initial dose data of the measurement region and the 
virtual dose data of the non-shot region. 

4. The method according to claim 3, wherein the calculat 
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ing the dose data includes calculating the dose data of the 
measurement region and the non-measurement region from 
an approximate function obtained based on the initial dose 
data of the measurement region and the virtual dose data of 
the non-shot region. 

45 

5. A method of manufacturing a semiconductor device 
comprising: 

generating virtual measurement data by mirroring, to a 
non-shot region outside a shot region with respect to an 
edge of the shot region, dimension measurement data in 
a measurement region inside the shot region, 
the shot region: 

being a region to be exposed at a time of exposure 
during a photolithography process, and 

50 

8 
including: 

the measurement region, and 
a non-measurement region other than the measure 

ment region; 
calculating dose data of the measurement region and the 

non-measurement region, based on the dimension mea 
Surement data and the virtual measurement data; 

forming a latent image on a resist film above a process layer 
by performing exposure on the resist film via a photo 
mask while controlling an exposure amount based on the 
dose data; 

patterning the resist film by developing the resist film on 
which the latent image is formed; and 

processing the process layer with the patterned resist film 
as a mask. 

6. The method according to claim 5, wherein the calculat 
ing the dose data includes calculating the dose data from an 
approximation function obtained based on the dimension 
measurement data and the virtual measurement data. 

7. A method of manufacturing a semiconductor device 
comprising: 

calculating initial dose data of a measurement region inside 
a shot region based on dimension measurement data in 
the measurement region, 
the shot region: 

being a region to be exposed at a time of exposure 
during a photolithography process, and 

including: 
the measurement region, and 
a non-measurement region other than the measure 
ment region; 

generating virtual dose data by mirroring, to a non-shot 
region outside the shot region with respect to an edge of 
the shot region, the initial dose data; 

calculating dose data of the measurement region and the 
non-measurement region, based on the initial dose data 
of the measurement region and the virtual dose data of 
the non-shot region; 

forming a latent image on a resist film above a process layer 
by performing exposure on the resist film via a photo 
mask while controlling an exposure amount based on the 
dose data; 

patterning the resist film by developing the resist film on 
which the latent image is formed; and 

processing the process layer with the patterned resist film 
as a mask. 

8. The method according to claim 7, wherein the calculat 
ing the dose data includes calculating the dose data of the 
measurement region and the non-measurement region from 
an approximate function obtained based on the initial dose 
data of the measurement region and the virtual dose data of 
the non-shot region. 


